Unified cosmological models have received a lot of attention in the last several years in order to explain both the dark matter and dark energy evolution. The renowned name in this category is the Chaplygin cosmologies which have been investigated in detailed and matched with observations from different astronomical data. Nevertheless, the Chaplygin cosmologies are also restricted in order to be consistent with the observational data. As a consequence, alternative unified models, differing from Chaplygin model, are of special interest. In the present work we consider a specific example of such a unified cosmological model, that is quantified by only a single parameter µ, hence a minimal extension of the Λ-cold dark matter cosmology. We investigate its observational boundaries together with an analysis for the large scale of the universe. Our analysis shows that at early time the model behaves like a dust, and as time evolves, the model behaves like a dark energy fluid depicting a clear transition from the early decelerating phase to the late cosmic accelerating phase. Finally, the model approaches the cosmological constant boundary in an asymptotic manner. We have performed a robust analysis with the model keeping the focus on its behavior on the large scale of the universe and explored the observational acceptability of the model in the context of unified picture of the universe. Finally, we remark that for the present unified model, the estimations of H0 almost match with its local estimation and thus this leads to a possible solution of H0 tension.
INTRODUCTION
Dark energy and dark matter are supposedly two most important constituents of our universe comprising about 96% of the total energy density of our universe [1] while the known matter makes up the remaining ∼ 4%. The origin and the nature of these dark fluids are not so wellknown despite of many observational missions performed by several space projects. Sometimes, it is believed that both dark matter and dark energy evolve separately, that means, the dynamics of each dark fluid is independent of the other. On the other hand, it is also conjectured that dark matter and dark energy are actually coming from a single entity that could play the role of both dark fluids. The single dark fluid exhibiting two different dark sides of the universe is commonly known as the unified dark fluid. The unified dark fluids are very well known and got massive attention to the cosmological community. The Chaplygin gas model [2, 3, 4, 5, 6] and its modified versions, namely the generalized Chaplygin model [7, 8, 9, 10, 11, 12] and the modified Chaplygin model [13, 14, 15, 16] , and several other extensions of Chaplygin cosmology [17] were successively introduced in the literature and consequently they had been investigated * Electronic address: d11102004@163.com † Electronic address: supriya.maths@presiuniv.ac.in ‡ Electronic address: anpaliat@phys.uoa.gr § Electronic address: subirghosh20@gmail.com ¶ Electronic address: ybwu61@163.com by several investigators aiming to test their observational viabilities. Moreover, the Chaplygin type fluids have also been found to explain the inflationary expansion of the universe while Chaplygin cosmologies can follow from scalar field cosmologies for specific scalar field potentials, see [18, 19, 20, 21, 22, 23, 24] . We also refer to some earlier works providing with a Lagrangian description to the Chaplygin cosmologies [25, 26] . The Chaplygin gas has the equation of state p = −A/ρ (A > 0), where p and ρ are respectively the pressure and the energy density of the fluid. Subsequently, this simplest unified cosmological model was modified leading to generalized Chaplygin gas (p = −A/ρ α , A > 0 and α ≥ 0), modified Chaplygin gas (p = Aρ − B/ρ α where A, B, α are any free parameters). In all three Chaplygin gas models, a common property that we observe is that, if one works in a homogeneous and isotropic background of the universe which is supported by the observational evidences (described by the Friedmann-Lemaître-Robertson-Walker line element), then at early time this model behaves like a dust fluid and in the late time of the universe, a cosmological constant type fluid it appears. Between the three different models, the modified Chaplygin model can also behave like a radiation fluid for A = 1/3, B = 0; such a property is absent in other two Chaplygin models. With the developments in the astronomical data, the Chaplygin-gas models have been examined in detail in the literature. However, apart from the Chaplygin gas models, one may also consider some alternative unified dark fluid models that could exhibit similar qualities to that of the Chaplygin type models.
Thus, following this motivation, in the present work we investigate a different unified dark model (sometimes, we shall call this unified model as 'UM') in order to mainly examine the large scale structure formation of the universe in the context of the new unified cosmological fluid as well as to compare its potentiality compared to the well known Chaplygin models. In particular, we consider a spatially flat Friedmann-Lemaître-Robertson-Walker (FLRW) metric as the underlying geometry where the matter sector is minimally coupled to the Einstein gravity. The work is organized in the following way. In section 2 we describe the gravitational field equations at the background and perturbation levels for a unified cosmological model. In section 3 we describe the observational data that we have used to constrain the model and the results of the analyses where we perform several observational datasets. Finally, in section 4 we conclude our work with a brief summary.
FIELD EQUATIONS
In the large scale, our universe is homogeneous and isotropic and its geometry is best described by the Friedmann-Lemaître-Robertson-Walker (FLRW) metric
where a(t) is the expansion scale factor of the universe and K ∈ 0, +1, −1 is the curvature scalar. For K = 0, we have a spatially flat universe, for K = 1, the universe is closed and for K = −1, it is open. We assume that the gravity sector of the universe is described by the Einstein gravity and the matter sector is minimally coupled to gravity where no such interaction exists between any two matter fluids. In particular, we consider that the total energy density of the universe is shared by three different fluids, namely, radiation, baryons and a unified fluid that acts the role of both dark energy at late time and dark matter at early time. Thus, the total energy density is defined by, ρ tot = ρ r + ρ b + ρ u , where ρ r , ρ b and ρ u are the energy density of radiation, baryons and a unified cosmic fluid respectively. Similarly, by p tot = p r + p b + p u , we describe the total pressure of the fluids. Now, in such a spacetime, one can write down Einstein's field equations as
which are two independent field equations; here an overhead dot represents the cosmic time differentiation and H ≡ȧ/a is the Hubble rate of the FLRW universe. Because the observational data always favor a spatially flat universe, thus, throughout the work we shall assume
As there is no interaction between any two fluids, thus, the conservation equation for the i-th fluid is,
For radiation, w r = 1/3, baryons w b = 0, and for the unified fluid, we assume the following equation of state [27, 28] :
where sinc(θ) = sin θ/θ; µ = 0 is any dimensionless quantity, ρ u,0 is the present value of the unified dark fluid, that describes a deviation from the cosmological constant w Λ = −1 and a generalization of the Chaplygin-gas models. At this point consider the field equations (2), (3) where only the unified fluid exists. Let
which describes an ideal gas solution, recall that for H 0 = 2 3 , the ideal gas is a dust fluid. From (2) and for a spatially flat spacetime, if follows that ρ u = H 2 0 t −2 . Hence equation (3) becomes
hence the later equation has a solution at the early universe when t → 0 if and only if µπρ u,0 =
2(H0−1) H0
, where for the case of a dust fluid we find µπρ u,0 = 1.
In order to study the evolution of the ideal gas solution at early times we substitute H (t) = H 0 t −1 + ε tH p (t) in (2), (3) and around the value ε → 0 near to t → 0 we find
from where we can infer that the perturbations decay at early times. The latter solution holds only for small values of t hence we can not infer about the stability of the solution. Now, using the conservation equation, one can solve the evolution of the unified dark fluid as follows
and consequently, the explicit expression for the equation of state w u = p u /ρ u of this dark fluid, i.e., (4) becomes,
We now proceed towards the graphical presentation of the cosmological parameters associated with this unified model and also we perform a comparison of the present model with the well known Generalized Chaplygin Gas (GCG) model. The common feature of the present unified model with the GCG model is that both of them are quantified by a single parameter. This kind of comparison is useful to understand how the present model is qualitatively close to the already known unified models for years.
In Fig. 1 we present the equation of state for the present unified model and the generalized Chaplygin model. The left panel of Fig. 1 stands for the present UM while the right panel stands for GCG. In both the panels we have used various values of the corresponding key parameters, namely µ and α. From these plots, one can notice their evolution are slightly different but qualitatively they are same, in the sense that both of them correctly prescribe the dust era in the early phase and finally a cosmological constant dominated are asymptotically recovered.
In Fig. 2 we depict the evolution of the deceleration parameter for both the unified models (i.e., the present unified model and the known GCG model) which is quite interesting in the sense that the free parameter µ has an effective role in describing the transition from the past decelerating phase to the present one. From both the plots of Fig. 2 , we can find a smooth transition from the past decelerating era to the current accelerating phase, however, one can also notice from the left plot of Fig.  2 that all values of µ cannot predict the transition from q > 0 to q < 0 phase. In fact, we see that for µ ≥ 0.7, we have a correct picture of the present universe. This actually gives a restriction on µ.
Finally, in Fig. 3 we have shown the dimensionless density parameters Ω u , Ω b and Ω r for both the unified scenarios. The left panel of Fig. 3 corresponds to present UM while the right panel of Fig. 3 corresponds to GCG.
Having presented the background evolution of the unified cosmic model, we proceed towards its perturbation analysis. We consider the perturbed metric in the synchronous gauge that takes the form [29, 30, 31] 
where τ is the conformal time, and h ij is the metric perturbations while δ ij is the unperturbed part of the metric tensor. Using the conservation equations T µν ;ν = 0, one can now find the gravitational field equations using this perturbed metric. For the unified dark fluid, one can write down the density and velocity perturbations for a mode with wavenumber k as [44] :
where the primes denote the derivatives with respect to the conformal time τ ; H is the conformal Hubble factor; δ u = δρ u /ρ u is the density perturbations; θ u is the divergence of the unified fluid velocity; h = h j j is the trace of the metric perturbations h ij ; c 2 s(u),ad is the adiabatic sound speed of the unified fluid taking the expression c 2 s(u),ad = p u /ρ u = w u − w u 3H(1+wu) ; and σ u is the shear perturbations for the unified fluid. One can notice that the adiabatic sound speed for the unified fluid, namely, c 2 s(u),ad could be negative (that means c s(u),ad becomes an imaginary number) and as a result we will have instabilities in the perturbations. For instance, w u = constant, c 2 s(u),ad < 0 and similarly for other equations of state, this could equally happen. Thus, we need to find an alternative way out in order to bypass such instabilities in the perturbations. A possible way that removes such problem is to allow an entropy perturbation into the framework and assume either positive or null effective sound speed (sum of the adiabatic and entropic one). We thus follow the formalism [45] developed for a generalized dark matter. Using this formalism, the entropy perturbation for the unified fluid can be separated out where in terms of an arbitrary gauge is specified as δ
θu k 2 and this is a gauge-invariant form for the entropy perturbations. Now, with this set up the density and velocity perturbations for the unified dark fluid now takes the forṁ
During the analysis we have neglected the shear perturbations for the unified fluid in agreement with the earlier works [44] , that means we set σ u = 0. Usually, one can consider the nonzero σ u for a more generalized version, however, its inclusion extends the parameters space and the degeneracy between other parameters increases. Thus, we exclude its possibility from this picture. Additionally, we assume the effective sound speed to be null.
OBSERVATIONAL DATA AND THE RESULTS
Here we present the observational data used to fit the unified cosmological model and the methodology of the fitting technique.
• CMB: The data from cosmic microwave background (CMB) are an effective observational probe for analyzing the cosmological models. We consider the CMB temperature and polarization anisotropies along with their cross-correlations from Planck 2015 [32] . In particular, we include the combinations of high-and low-TT likelihoods in the multiple range 2 ≤ ≤ 2508 as well as the combinations of the high-and low-polarization likelihoods [33] .
• Pantheon: We include the Pantheon sample [34] from the Supernovae Type Ia (SNIa). The pantheon sample is the most latest compilation of the the SNIa data comprising of 1048 data in the redshift range z ∈ [0.01, 2.3] [34].
• CC: Lastly, we consider the Hubble parameter measurements from the cosmic chronometers (CC). The cosmic chronometers are actually some special kind of galaxies which are most massive and passively evolving. We refer to Ref. [35] for a detail reading on the methodology and the motivation to choose CC to measure the Hubble parameter values at different redshifts. Here, in this work, we consider 30 measurements of the Hubble parameter values distributed in the redshift range 0 < z < 2 [35] .
• R18: We consider a measurement of the Hubble constant yielding 73.48 ± 1.66 km/s/Mpc by Riess et al. 2018 [40] . Now, to extract the constraints on the free and derived parameters of this unified cosmological scenario, we modify the Markov chain Monte Carlo package cosmomc [36, 37] , a fastest algorithm for the cosmological data analysis which also includes the support for the Planck 2015 likelihood code [33] (see the publicly available code here http://cosmologist.info/cosmomc/). We mention that cosmomc is already equipped with the GelmanRubin statistics [38] . In connection with the fitting analysis, perhaps, we must mention that although the cosmological parameters for Planck 2018 are already published recently [41] , however, the likelihood code is not public yet. Thus, we continue our analysis with the Planck 2015 data. Maybe the comparisons between the cosmological parameters obtained from Planck 2015 and Planck 2018 will be worth for a better understanding of the model. So, in summary we consider the following parameters space P ≡ {Ω b h 2 , 100θ M C , τ, n s , ln(10 10 A s ), µ} and the priors on these parameters are enlisted in Table II . To begin with the analysis, we have considered different observational datasets. The first set we consider is the following (labeled as Set I)
• CMB
• CMB+CC
• CMB+Pantheon
• CMB+Pantheon+CC and the second set of datasets is the following (labeled as Set II)
• CMB+R18
• CMB+CC+R18
• CMB+Pantheon +R18
• CMB+Pantheon+CC+R18 Now, using these two different set of datasets, we have constrained the model parameters. Let us present the observational constraints for both Set I and Set II in a systematic way.
Set I: The observational constraints for the first set of datasets are given in Table I where we have shown the constraints at 68% and 95% CL. Further, in order to understand the graphical behaviour of the parameters, in Fig. 4 we show the 1-dimensional marginalized posterior distributions for the parameters of this cosmological scenario as well as we show the 2D contour plots between several combinations of the model parameters at 68% and 95% CL. From Table I [40] . In fact, looking at the posteriors of the model parameters as well as the two dimensional contour plots depicted in Fig. 4 , one can see that CMB data alone and CMB+CC dataset return almost similar fit to the model parameters. Now the adition of Pantheon to CMB has some visible effects on the model parameters. In this case we see that although H 0 takes higher values (H 0 = 75.68
+0.74
−0.76 , at 68% CL, CMB+Pantheon) compared to the ΛCDM based Planck's report [1] , but compared to the constraints from CMB alone datset summarized in the second column of Table I Due to the higher values of H 0 , the tension on H 0 is released for this dataset. Concerning the final dataset CMB+Pantheon+CC, we do not find anymore constraining power of CC that may exceed the constraining power of CMB+Pantheon. This becomes clear if one looks at the Fig. 4 , speicifically the 1-dimensional posterior distributions and the 2-dimensional contour plots between CMB+Pantheon and CMB+Pantheon+CC. Thus, overall, since for all the observational datasets, H 0 assumes larger values, so one can notice that for this unified cosmological model, the tension on H 0 coming from the global [1] and local measurements [39, 40] is released. In This might be considered to be an interesting property of the present unified fluid. A very recent work by Riess et al. [46] pointed out that local estimation of H 0 actually increases (H 0 = 74.02 ± 1.42 km/s/Mpc) compared to two earlier reports [39, 40] . That means the present unified model might be considered to be an excellent example to resolve the H 0 tension along the similar lines of some earlier investigations [47, 48, 49, 50, 51, 52, 53, 54] that also solve the H 0 tension. Finally, we comment on the main free parameter µ of the present unified model. From Table I we see that µ is around 0.9 (since its erorr bars are so small) and recalling the graphical behaviour of the deceleration parameter for this unified model (see the left plot of Fig. 2) , one can conclude that since µ 0.9, thus the transition from the past decelerating phase to the current accelerating phase happens at around z 0.6 which is consistent according to the recent observational facts. However, at the end we mention that according to the observational fittings, µ has a strong positive correlation with H 0 .
Set II: We now focus on the observational constraints on the model parameters after the inclusion of the local measurement of H 0 by Riess et al. 2018 [40] with the previous datasets (CMB, Pantheon, CC) in order to see how the parameters could be improved with the inclusion of this data point. Since for this present unified model the estimation of H 0 from CMB alone is compatible with the local estimation of H 0 by Riess et al. 2018 [40] , thus, we can safely add both the datasets to see whether we could have something interesting. Following this, we perform another couple of tests after the inclusion of R18. The observational results on the model parameters are summarized in Table III . However, comparing the observational constraints reported in Table I (without R18 data) and Table III (with R18), one can see that the inclusion of R18 data [40] does not seem to improve the constraints on the model parameters. In fact, the estimation of the Hubble constant H 0 remains almost similar to what we found in Table I . In order to be more elaborate in this issue, we have made a graphical comparisons in Fig. 6 where we have compared the cosmological constraints obtained from different observational data before and after the inclusion of R18 data point [40] , which certainly reflects our claim. One can further point out that the strong correlation between (µ, H 0 ) as observed in Fig. 4 still remains after the inclusion of R18 (see specifically the (µ, H 0 ) planes in Fig. 6 ). The physical nature of µ does not alter at all. That means the correlation between H 0 and µ is still existing after the inclusion of R18 to the previous datasets, such as CMB, Pantheon, CC. In addition to that since µ 0.9 according to all the observational datasets, thus, the transition from past decelerating era to current accelerating era occurs to be around z 0.6, similar to what we have found with previous datasets (Table I) .
Before moving to the analysis of the model in the large scale of the universe we have shown two additional plots in Fig. 7 and Fig. 8 in which we have shown the trend of the model parameters. In particular, in Fig. 7 we have shown the trend of the parameters (µ, Ω b h 2 ) using the values of H 0 taken from the markov chain monte carlo (mcmc) sample for different observational data used in this work. In a similar fashion, in Fig. 8 we have described the trend of the other two free parameters (Ω b h 2 , H 0 ) using different values of the parameter µ taken from the mcmc sample for different observational data. The figures 7, and 8 provide with a clear image of the behaviour of the model parameters and their mutual dependence.
We continue our analysis by investigate the behaviour of the model in the large scale of the universe via the temperature anisotropy in the CMB TT spectra and the matter power spectra. Moreover, we have also made a comparison of the model with the generalized Chaplygin gas (GCG) model in order to understand how the models differ from one another. Thus, in order to do so, in the left graph of Fig. 9 we show the temperature anisotropy in the CMB TT spectra (left panel of Fig. 9 ) for various values of the key parameter µ and at the same time in the right panel of Fig. 9 , we show the temperature anisotropy in the CMB TT spectra for the GCG model where we have used different values of α. From this figure (Fig. 9) , one can notice that the parameter µ seems to be significant compared to the single parameter α of the GCG model. From the left graph of Fig. 9 , we see that with the increase of µ, the height of the first acoustic peak in the CMB TT spectra increases which in contrary to the right graph of Fig. 9 where the increase in α presents the reduction of first acoustic peak in the CMB TT spectra. Thus, qualitatively the present unified model is slightly different from the GCG model. After that in Fig. 10 , we present the matter power spectra for the present unified model as well as for the GCG model where we also present a comparison between these unified models. In both the graphs of Fig. 10 , we have used different values of the key parameters µ and α of the corresponding models. One can clearly see that with the increase of µ, the matter power spectrum gets suppressed and this suppression is very transparent compared to the GCG model where we have considered a wide variation of the α parameter.
We close our discussion with Fig. 11 where we have shown three different plots for a better understanding of the present model in reference to GCG model as well as the ΛCDM. In the upper left panel of Fig. 11 we show the relative deviation of the present model with respect to the base model ΛCDM where we have taken several values of µ that correctly prescribe the transition from the decelerating to accelerating phase. We can see that the deviation of the present UM from the spatially flat ΛCDM model is clear while in the upper right panel of Fig. 11 we have shown the deviation of the GCG model with reference to the ΛCDM model with an aim to compare both the present UM and GCG models. From the comparison between the left and right plots of the upper panel of Fig. 11 , one could realize that the deviation of the UM from the spatially flat ΛCDM is relatively higher compared to the deviation of GCG from ΛCDM. This feature has been made clear from an additional plot (see the lower plot of Fig. 11 ) where we have considered both UM and GCG in a single frame and measured their deviations from the reference model ΛCDM.
SUMMARY AND CONCLUSIONS
The dynamics of our universe as reported by various observational data is very complicated. Almost 96% of the total energy budget of the universe is occupied by some dark sector where the maximum percentage ∼ 68% comes from some hypothetical dark energy fluid and around 28% is coming from some non-luminous dark matter species. The origin origin, nature and evolution of both these dark fluids are absolutely unknown to us. Thus, modelling the universe's evolution has been a great deal for modern cosmology and various attempts have been made so far. Since the overall identity of these dark fluids is not clear, thus, different approaches are used to depict the expansion history of the universe. One of the commonly used mechanisms is to consider that dark matter and dark energy evolve separately, that means, the dynamics of each dark fluid is independent of the other. While it is also conjectured that both these dark fluids are actually two different faces of a single fluid that actually is playing the role of both the dark fluids. The proposal of some single dark exhibiting two different dark sides of the universe is commonly known as the unified dark fluid in the cosmological literature. In the present work we have focused on unified dark fluid model. The Chaplygin gas is a renowned name in this context where a series of Chaplygin type models, starting from the simple Chaplygin gas to modified Chaplygin model have been introduced and investigated with the observational data. Although Chaplygin models have got much attention in the cosmological community, however, concerning the observational issues, the Chaplygin models are diagnosed with some problems [42, 43] . So, a natural attempt could be to widen the allowance of other unified cosmological models in order to test their acceptability with the recent observational data. Thus, in the present work we investigate a specific unified cosmological model that was introduced in [27] and recently investigated in [28] . The model is quantified by only a single parameter µ, similar to the GCG model p = A/ρ α (A > 0, 0 ≥ α1) having only one free parameter α. In both the articles, namely, [27] and [28] , the authors discussed the evolution of the model at the level of background, however no such analysis at the level of perturbations was performed. With the feeling and experience with the cosmological models at the level of perturbations, we have performed a robust statistical fittings of the model with a special focus on its behaviour in the large scale structure of the universe.
We started with the theoretical analysis of the model where we have investigated various cosmological parameters and compared the model with the known unified model GCG. In Fig. 1, Fig. 2 and Fig. 3 we have studied various important cosmological parameters. From the evolution of the deceleration parameter for this model (left panel of Fig. 2 ), we found a restriction on the key parameter µ of the present model.
We then perform a robust observational analysis with Fig. 9 , here too, we can clearly understand the sensitivity of the µ parameter compared to the α parameter. this unified model by extracting its cosmological constraints using various cosmological data presented in Table I and III. From the analyses, we found that irrespective of the present datasets, we always have a higher H 0 , which is even slightly higher than the local estimation by Riess [39, 40, 46] , thus, eventually, one could realize that the tension on H 0 does not become a serious issue in this context. This is one of the interesting results of this work. We then investigated the behaviour of this model at large scale via CMB TT and matter power spectra. We find that this unified model is surely deviating from the GCG and ΛCDM model, but the qualitative features of the model remains same to that of the GCG model. This might be a weak point of this model since the Chaplygin type models are diagnosed with some problems as quoted in [42, 43] . However, from the results of our analysis we can see that unified models which are extensions of the GCG cannot be excluded from the cosmological data. However, further analysis with this model is necessary in order to gain more visibility on this model.
Last but not least, we would like to comment that since the present unified model is new in the cosmological society, and so far we are aware of the literature, not enough investigations are performed, thus, it will be interesting to study this model further using future observational data coming from different astronomical missions, for example CMB Stage-4, Gravitational waves standard sirens, Simon Observatory, and others. The effects of neutrinos could be another direction of research in this context. Such analyses are certainly interesting and indeed open to all.
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